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SMALL PARTICLE COMPOSI TIONS FOR INTRANASAL DRTTQ 
DELIVERY 

The present invention relates to drug compositions and more particularly to a 
small particle drug composition which provides for the uptake of active drug 
across the nasal mucosa. 



There is a need to provide effective absorption of high molecular weight 
material such as proteins and peptides across biological membranes. Normally 
such molecules are not taken up by the body if administered to the 
gastrointestinal tract, the buccal mucosa, the rectal mucosa or the vaginal 
mucosa or if given as an intranasal system. Because peptide hormones such as 
insulin and calcitonin have a high molecular weight and are readily decomposed 
by proteolytic enzymes such as pepsin, aminopeptidases, trypsin and 
chymotrypsin, not enough is absorbed to display an effective pharmacological 
effect and accordingly they have been administered by parenteral injection. 

However, since the administration by injection causes pain, various attempts 
have been made to develop alternative methods of administration. 

Recent studies with insulin have demonstrated that the absorption of such a 
compound can be increased if it is given together with a so-called absorption 
enhancer, such as non-ionic surfactants and various bile salt derivatives. An 
increased permeability of membranes in the presence of these types of 
surfactant material is not unexpected, indeed the literature in the field of 
gastroenterology contains a wide range of such absorption promoters. (For a 
review see Davis et al (editors), Delivery Systems for Peptide Drugs. Plenum 
Press, New York 1987.) However, such materials will probably not be 
acceptable for the chronic administration of pharmacological agents because of 
their irritant effects on membranes. This includes not only the non-ionic 
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variety of surface active agents but also bile salts and bile sal. derivatives (e.g. 

fusidic acid). 

At the present time the nose is being proposed as an aiternative route for the 
delivery of drugs that will act within the syste^rculation. Parttcular 
attention is being focused on nature-identical peptides or proteins, or analogues 
or fragments thereof, produced by recombinant DNA techniques. Other drugs 
that are being suggested are those that are poorly absorbed oral.y or are 
extensively metabolised either in the gastro-intestinal tract itself or are subject 
to first pass metabolism in the liver. However, most polypeptide drugs show 
a low bio-availability when administered intranasal^ . 

The rapid clearance of nasal sprays from the nose can probably be considered 
to be a major factor in influencing loss of drugs from potential absorpUon 
spaces, in addition, in the case of peptides and proteins, enzymanc 
degradation of the drug and molecular size may also have a role ,n gtvtng low 

bioavailabilities. 

Our earlier co-pending application WO88/09163 discloses intra-nasal 
0 microsphere formulations containing an enhancer and our earlier co-pend.ng 
application WO89/0327 discloses intra-nasal microsphere formulauons 
dining drugs of molecular weigh, below 6000 which do not reoutre an 
enhancer. In both of these applications, the diameter of the microspheres „ «n 
the range 10 ^ to 100 „m. EP 122 036 CTeijin Ud.) discloses powdery 
25 formulations for nasal administration in which at least 90 w, % of the parucles 
have an effective diameter ranging from 10 ,™ to 250 fun. 

It is taught in the art that parUc.es for nasa, delivery should be of diameter 
greater than 10 ,m. EP 122 036 states that in compositions .n whtch more 
30 than 10 w, % of the particles are below 10 ,m, more particles will go further 



into the lungs or escape from the nostrils. It is known to use particles of 
diameter less than 10 fim for delivery of drugs to the lungs. GB 1 381 872 and 
GB 1 520 248 (Fisons) describe powdery compositions of particles less than 10 
fim which are administered by oral inhalation to the lungs. 

It has now been found, surprisinglyv that-bio-adhesive microspheres of diameter 
less than 10 /xm can be used effectively and advantageously to deliver drugs to 
the nasal mucosa. 

A first aspect of the invention therefore provides a drug delivery composition 
for intranasal delivery comprising a plurality of bioadhesive microspheres and 
a systemically active drug, at least 90 wt % of the microspheres having a 
diameter of 0.1 /zm or more but less than 10/xm. The drug can be contained 
in the microspheres, admixed with the microspheres or absorbed onto the 
microspheres. The term "bioadhesive" as used herein is defined as a substance 
which adheres to the nasal mucosa, preferably to a greater extent than 
microcrystalline cellulose. It is thought that such bioadhesive microspheres 
interact with the glycoproteins in the mucus and/or the epithelial cells. The 
term "drug" is used to embrace any pharmacologically active agent, including 
hormones, polypeptides and vaccines or components thereof, for example 
isolated antigens or antigenic parts or mimics thereof. 

For any particulate system consisting of a distribution of particle sizes, it is 
important to define exactly the way in which the diameter is measured. A 
powder system produced by milling or emulsification followed by suitable 
processing to yield microspheres (this includes both powders and bioadhesive 
microspheres) is expected to follow a so-called log normal distribution. 
Particle size measured by microscopic observation will give a number average 
distribution. This can be converted to a weight distribution (number-weight, 
mean diameter), using equations found in standard text books such as T. Allen, 
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Particle Size Measurement second edition, Chapman and Hall, 1974 and 
Caserett, L. J. in Toxicology, edited by Casarett, L. J. and Doull, J.., 
Macmillan, New York, 1975, chapter 9. 

In the latter, it is stated that the customary expression of particle size is in 
terms of the median size, either count or mass. For a log normally distributed 
powder, conversion between a count median diameter (CMD) and a mass 
median diameter MMD is easily accomplished by a simple calculation where 
5g is the geometric standard deviation: 

log M (Count) = log M' (Mass) - 6.9 log 2 5g 

The weight distribution can be measured directly by screening or sieving or by 
sedimentation balance. Details are given in the book by Allen (see above). 

For a spherical particle, size is uniquely defined and it is possible to talk about 
a mean diameter. However, with non-spherical particles it is necessary to 
consider an effective diameter as the size of a sphere that corresponds to the 
particle under the chosen conditions of measurement. The various options are 
discussed in the 1 book by T. Allen, where derived diameters are determined by 
measuring a size dependent property of the particle and relating it to a linear 
dimension. Effective diameter has been defined by Teijin, so far as it applies 
to their nasal delivery system, in EP 23359. They refer to a diameter as 
determined by the opening sizes of sieves. For example, a powder having an 
effective particle diameter (d) of 37 < d < 44 passes through a sieve having an 
opening size of 44 microns but does not pass through a sieve having an opening 
size of 37 microns. 



A vibratory sieve may be used when the effective particle diameter of a powder 
is more than 37 microns, and a sonic sieve (Micro Hand Sifter SWM-2, a 



produ ct of Tsutsui - Co. Ud, may . - - - = 

particle diameter of a powder is not more man 37 nuc ons. 
this definition atso applies to EP 122 036 CTeijin Ltd.). 

S Thus 90 wt % by weigh, of spherica! microspheres of the present invention 

the Teijin particles. Preferably 90 w,% of the microspheres are over 0.5 ,m 
TJam te more preferably over 1.0,m and most preferably over 2 „m » 
Itlr S-i wt , or 99 wt , of the particles satisfy one or more 

10 of these criteria. 

Preferably the microspheres are prepare, from a bio-compatible material that 
l ! n contact with the mucosa, surface. Substantia,* umform sohd 

15 . preferred material. Other materia, that can be used to form mtcros^es 

• a c^a ^tarrhes such as amylodextnn, gelatin, 

include starch derivatives, modified starches sucn 

^.collagen, dextran and dextran derives po^ny 
po.y.actide-co-glyco.ide, hyaluronic acid and derivatives hereof s^c be-V 
„d ethyl esters, g el,an gum and derivatives thereof such 
20 esters and pectin and derivatives thereof such as ^ 

lhe term "derivauves- we particular* mean esters and ethers of the pare 
impound that can be unfunctionaiised or nationalised to contam, for 
example, ionic groupings. 

Suitable starch derivatives inciude hydroxyethyl starch, hydroxypropyl 
starch, carbo*yme^ 

starch succinate derivatives or starch and grafted starches. Such .arch 
derives are well Wnow and described in the art (for example Modified 

denvauveb <u<- Raton 

• „ onM i We , o B. Wurzburg, CKA_ tress 
Starches: Properties and Uses, u.d. 

30 (1986)). 
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d xtran su, P hate, dextran methy.-benzyUmide suiphonates, dextran me h yl . 
b enzy,a m ide carboxy.ates, cartoxy.ne.hy, dextran, diphosphonate dextran, 
dextran hydrazide, palmitoyldextran and dextran phosphate. 

Preparation of these microspheres is we,, described in the pharmaceutical 
UteLe (see for examp.e Davis "Microspheres and Drug Therapy . 
Biomedica, Press, ,984, which is incorporated herein hy reference . EmuUton 
and phase separation methods are both suitabie. For examp.e — 
, microspheres may be made using the water-in-oi, emu.sification method where 
: ispersion of aibumin is produced in a suitab.e oi, by homoge- 
nizes or stirring ,echni q ues, with the addition if necessary of sma» 
amounts of an appropriate surface active agent. 

5 The size of the microspheres produced is a function of the speed of stirring or 
ho mogen,zat,on conditions used w.th the ^^^^ 
using a stirring speed or homogemzafon w.thm the range luu V 

20 conditions for the desired microsphere size. The action can be p— by 
a simp,e ,aboratory sUrrer or by more sophisticated devtces such « . 
micro uidizer or homogenizer. The microspheres obtained may be s.eved .f 
necessary in order to remove the occasiona, over- or under-stzed m.crosphere. 
This may also be done using other size spearation techntques, such as 

25 elutriation. 

Emuisification techniques are aiso used to produce starch microspheres as 
described in GB , 5.8 .2. and EP 223 303 as weU as for the preparau o 
m icros P heres of ge.atin. Proteinaceous microspheres may aisobe prepared by 
30 coacervation methods such as s.mo.e or comp.ex coacervatton o by P ha 
separation techniques using an appropriate so.vent or Cec^te so,ut,on. Fu„ 



details of the methods of preparing these systems can be obtained from standard 
text books (see for example Florence and Attwood, Physicochemical Principles 
of Pharmacy 2nd Ed., MacMillan Press, 1988, Chapter 8). 

The following examples demonstrate preparation of microspheres within the 
desired size range of 0. lftm to lO/xm. 

Preparation of hyaluronic acid ester microspheres by solvent extraction 

An emulsion was formed by mixing a 6% w/v solution of the polymer eg 
benzyl hyaluronic acid ester (Hyaff- 11) in dimethylsulphoxide with white 
mineral oil containing 0.5% Arlacel A. The inner phase was added to the outer 
oil phase (their respective ratio is 1 : 16 v/v) with continuous stirring for 10 
minutes (1000 rpm). Ethyl acetate, the extraction solvent was then added to the 
emulsion at a ratio of 2 : 1 v/v. The extraction proceeds for 15 minutes at a 
stirring rate of 700 rpm until the microparticles are formed. The microsphere 
suspension was filtered and extensively washed with n-hexane and dried. Drug 
can be incorporated into the microspheres by addition to the initial polymer 
solution. The obtained size of microspheres was 2-10 /xm. 

The preparation of small starch microspheres using emulsification 

A 10% starch gel was prepared by heating (70°C) 5 g of starch with 40 ml of 
water until a clear gel was formed. After cooling water was added to a volume 
of 50 ml. 20 ml of this starch gel was then added to 100 ml of soya oil BP 
containing antioxidant and 1 % v/v Span 80 and homogenised at 7000 rpm for 
3 minutes. This emulsion was then added to 100 ml hot (80°C) soya oil BP 
(containing antioxidant) and stirred at 1500 rpm with a paddle stirrer while 
heated to 115°C over 15 minutes. The emulsion was left stirring at 115°C for 
15 minutes and then rapidly cooled by packing in ice while stirring. 100 ml 
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as added' and the microspheres were centred at 4500 rpm for 
of acetone was added ana inc v , eoara ted into the 

15 minutes. The pelle, was resuspended .n ace.cn. - ^ _ 
d esired s,e fraction by fiUering through - ^ ^ dry . P The 
0 5f .m fluoropore filter. The microspheres were then alio 
microspheres produced were <10,xm diameter. 

Production of small albumin microspheres 

Alb um, microspheres were produced by a modification of the - 

; no«A\ J Pharm Pharmacol. 36, 43 1 *oo, w 
.escribed by Ratchffe « «« (1984)/. ^ ^ ^ 

is incor pora.ed herein by referen e. One ml ^ ^ ^ 

ovalbumin at pH 6.8 was added to 25 ml of 

r, -k m l of Soan 85 The mixture was stirred in a mix cell to 
or without 0.25 ml of Span ^ a 

min under turbulent flow conditions to form w/o 

; mecharucai stirrer (Heidolph) at ™ - ^ - 

. \ ri.,t*ra1dehvde solution 25% (w/v; w« 
Instruments). Glutaraiaenyuc denature and 

aq ueous phase and the emulsion stirred for a ^^^^ a , 
cr „ss,in k the a,bumin. The microspheres were d 
250 0 g for 20 min. The oil was then removed and the spheres 
0 die.; ether followed by ethanol. The micros^ eres we, - ec^by 
aecantation. The microspheres produced were ,n the size range 

Production of small starch microspheres 

, d In 05 ml of water at about 90°C. A second 
25 5 g potato starch ^ rss* ^ „ ml 

solution was prepared from g P 1 whereafter the warm starch 

of water. This solution was heated to about 70 C, wher 
solu tion was added while stirring, to form an emulsion. Whe * P 
syst em had formed (with the starch so,u,ion as the inner phase) the mix. 
y . „„ r „»re under continued stirring, whereupon the 

30 allowed to cool to room temperature unoer 
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in „er phase was convened to ge. panic.es. The particle* 

roo m temperature and — , .00 - - -no. — - ^ 

were again filtered off and laid to dry in air. The yield 
microspheres produced were < lp/aii diameter. 

5 u, mn A\^A hv chemical cross-linking or heat 

The final microspheres can be modified by cnemi 

treatment if desired. 

Tne preparation of sma.. a— microspheres using an emukif.cation 

10 technique and heat stabilisation 

The fo.low.ng non-.imited example il.ustrates the use of hea, stabiUsation. This 
■ s panics — for a,bumin microspheres but can he used any other 
microspheres according to the invention. 

15 • a -*u 1 ml of a 10% albumin solution and 

100 ml Soya oil was mixed with 1 ml ot a iu/ 

Igenised a, 6000 rpm. The emulsion was added to 200 rn soya ot. at 50 C 
and stirred a, ,500 rpm. The emu.sion ^ ^^^^ 
equilibrated for 20 minutes a. this temperature. The nucrosph 

. ,„h washed with petroleum ether. me 
20 cooled to room temperature and washed F 

JLospheres were then centred a, 4500 rpm for .5 m.nutes and £ 
collectl peUe. was washed with ethano. foUowed by acetone. The 
mtrospherTs were then f,tered and a,,wed to air dry. Microspheres of , 
lOfim were prepared. 
25 The preparation of stnaH abbum.n microspheres using an emu.sr.ca.ion 
technique and chemical crosslinking 

The following non-limiting example is presented as one example of a method 
30 of preparing a microsphere which is modified by cross-lmlang. 
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100 ml Soya oil was mixed with 1 ml of a 10% albumin solution and 
homogenised at 6000 rpm. The emulsion was added to 200 ml soya oil at 50° 
and stirred at 1500 rpm. 

5 To crosslink the microspheres, 100 /xl of a 25% Glutaraldehyde solution was 
added dropwise and the emulsion stirred at 1500 rpm for a further 30 minutes. 
The microspheres were harvested by added petroleum ether, centrifuging and 
washing with petroleum ether. 

q 10 The microspheres were then centrifuged at 4500 rpm for 15 minutes and the 

2 collected pellet was washed with ethanol followed by acetone. The 

microspheres were then filtered and allowed to air dry. Microspheres of 1- 
10/xm were prepared. 
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q 15 Suitable cross-linking agents for use with starch microspheres include 

P? epichlorohydrin, terephthaloyl chloride and sodium trimetaphosphate. Suitable 

^ agents for use with albumin microspheres include aldehydes such as 

SJ formaldehyde and glutaraldehyde, oxidised dextran ("dextranox") and 2,3- 

butanediose, the latter also being suitable for use with gelatin microspheres. 
20 Agents such as N,N,N^NUetramethylethylenediamine can be used with dextran 
microspheres. 

The active agent can be incorporated into the microspheres during their 
formulation or sorbed into-onto the system after preparation. The effectiveness 
25 of the system can be controlled by the physical nature of the microsphere 
matrix and, for example, the extent of cross linking. 

As an added advantage the particles may have variable controlled release 
characteristics through modifications made to the microsphere system, for 
30 example by controlling the degree of cross-linking or by the incorporation of 
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excipients that alter the diffusional properties of the administered drug. It has 
been found that by increasing the heat stabilisation time or the time of exposure 
to the cross-linking agent during microsphere preparation, the release of the 
drug from the microsphere is delayed. 

5 

The amount of drug that can be carried by the microspheres is termed the 
loading capacity, which is determined by the physico-chemical properties of the 
drug molecule and in particular its size and affinity for the particle matrix. 
Higher loading capacities are to be expected when the administered drug is 

S 10 incorporated into the microspheres during the actual process of microsphere 

manufacture. It is known that for many peptides and proteins the amount of 

Si drug substance to be administered for a resultant therapeutic effect will be of 

ry 

%j the order of a few micrograms or less. 

H 15 Microcapsules of a similar size, which are bioadhesive and which have 

y « 

ft controlled release properties, may also provide similar benefit in terms of an 

SJ 

%9 increased and modified bio-availability of administered drugs. These 

microcapsules can be produced by a variety of methods. The surface of the 
capsule can be adhesive in its own right or can be modified by coating methods 
20 familiar to those skilled in the art. These coating materials are preferably 
bioadhesive polymers such as polycarbophil, carbopol, DEAE-dextran or 
alginates. These microcapsules are deemed to be "microspheres" for the 
purposes of this specification and, again, are more than 0. 1 /xm in diameter but 
less than 10 /xm. 
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Using the combination of microspheres and drug, it has been found that the 
bioadhesive microsphere systems have the ability to enhance greatly the 
bioavailability of drugs, especially polar drugs, when they are administered 
together. 
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This potentiation of effect is believed to be due to the greater retention of the 
delivery systems in the nasal cavity. 

The microsphere composition can also afford protection of the drug against 
5 degradation by enzymes. _ 

The drug delivery system of the invention may advantageously comprise an 
absorption enhancer. By -enhancer", we mean any material which acts to 
increase absorption across the mucosa. Such materials include mucolyuc 
agents, degradative enzyme inhibitors and compounds which mcrease 
permeability of the mucosal cell membranes. Whether a given compound ,s an 
"enhancer" can be determined by comparing two formulations compnstng a 
non-associated, small po.ar mo.ecu.e as the drug, with or without the enhancer, 
in an in vivo or good model test and determining whether the uptake of the 
drug is enhanced to a clinically significant degree. The enhancer should no. 
produce any problems in terms of chronic toxicity because in vivo the enhancer 
should be non-irritant and/or rapidly metabolised to a normal ce.l constituent 
that does not have any significant irritant effect. 

20 Preferred enhancing materials lysophospholipids, for example lyso- 
phosphatidylcholine obtainable from egg or soy lecith.n. Other 
^phosphatidylcholines that have different acyl groups as well as >yso 
compounds produced from phosphatidylethanolamines and phosphatide actd 
which have similar membrane modifying properties may be used. Acyl 
25 carnitines (e.g. P a>mi,oyl-dl-carnitine-cnloride) ,s an alternative. A su.tab.e 
concentration is from 0.02 to 20% w/v. 

Other enhancing agents that are appropriate include chelating agents (EGTA 
EDTA alginates), surface active agents (especially non-ionic matenals), acyl 
30 glycerols, fatty acids and salts, .yloxapol and biological detergents listed ,n the 
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SIGMA Catalog, 1988, page 316-321 (which is incorporated herein by 
reference). Also agents that modify the membrane fluidity and permeability are 
appropriate such as enamines (e.g. phenylalanine enamine of ethyl- 
acetoacetate), malonates (e.g. diethyleneoxymethylene malonate), salicylates, 
5 bile salts and analogues and fusidates. Suitable concentrations are up to 20% 
w/v. 

The same concept of delivery of a drug incorporated into or onto a bioadhesive 
microsphere with an added pharmaceutical adjuvant applies to systems that 
10 contain active drug and mucolytic agent, peptidase inhibitors or non-drug 
5 polypeptide substrate singly or in combination. Suitably mucolytic agents are , 
CI thiol-containing compounds such as N-acetylcysteine and derivatives thereof, 
f'i Peptide inhibitors include actinonin, amastatin, bestatin, chloroacetyl-HOLeu- 
UJ Ala-Gly-NH 2 , diprotin A and B, ebelactone A and B, E-64, leupeptin, pepstatin 
E5 A, phisphoramidon, H-Thr-(tBu)-Phe-Pro-OH, aprotinin, kallikrein, 
\Ll chymostatin, benzamidine, chymotrypsin and trypsin. Suitable concentrations 
~i are from 0.01 to 10% w/v. The person skilled in the art will readily be able to 
^ determine whether an enhancer should be included. 

20 The microsphere composition may be used with drugs selected from the 
following non-exclusive list: insulin, calcitonins (for example porcine, human, 
salmon, chicken, or eel) and synthetic modifications thereof, enkephalins, 
LHRH and analogues (Nafarelin, Buserelin, Zolidex), GHRH (growth hormone 
releasing hormone), nifedipin, THF(thymic humoral factor), CGRP (calcitonin 

25 gene related peptide), atrial natriuretic peptide, antibiotics, metoclopramide, 
ergotamine, Pizotizin, nasal vaccines (particularly HIV vaccines, measles, 
rhinovirus Type 13 and respiratory syncitial virus), pentamidine, CCF 
(Cholecystikinine), DDVAP, Interferons, growth hormone (solatotropir 
polypeptides or their derivatives (preferably with a molecular weight from lOOw 

30 to 300000), secretin, bradykinin antagonists, GRF (Growth releasing factor), 
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THF TRH (Thyrotropin releasing hormone), ACTH analogues. IGF (Insu.ine 
™ g lh Lors), CGRP (Calcitorin gene re.ated pep.de, A- — ,c 
ZL Vasopressin and analogues (DDAVP, Lypressin), Me.oc.opram.de, 

Nasal Vaccines (P^c^AY _A IDS vaCCineS) . 

Stimulating factors, G-CSF (granulocyte-colony stimulaUng factor), EPO 

(Erythropoitin) PTH (Parathyroid hormone). 

Further drugs include: antics and antimicrobia. agents such as tetracyUne 
, hydroch.oride, leucomycin, penicillin, penicillin denvauves, erythromyc, , 
, entamicin, sulphate and nurofurazone; .oca! anaesthet.es such ^s 
benzocaine; vasoconstrictors such as pheny.epnnne hydrochlonde, 
H yd— hydrochloride, nap— nitrate, o.yme^o ne 
hy dro chloride and tram-line hydroch.oride; cardiotonics such as y*. and 
5 aUn- vasodilators such as nitroglycerine and papaverine 

allptics such as chlorhexid.ne hydrochloride, he,y, re sorc.nc , 
Ijn.umch.oride and ethacridine; enzymes such as lysozyme chlor^ 
Hextranase- bone metabolism controlling agents such as v.tam.n D, act.ve 
" D 'and vitamin C, se* hormones; hypotensives; sedatives; anti— 
M sKroldal antl , nfl ammatory agents such as hyd—, P r— e, 

fluticasone prednisolone, triamcinolone, triamcinoion 

—one, beComethasone, and bee— 
dipropionate; non-steroidal antiinflammatory agents such as acetam ^ * ^ 
asp.rin, aminopyrine, phenylbutazone, medanamic acid, .buprofen, d c.ofen 
25 odium .ndomethacne, colchicine, and probenecid; enzymauc an - 
ammatory agents such as chymotrypsin and bromelain seratiopept.dase; ant, 
ZL such as diphenhydramine hydrochloride ■ — = 
*■ oii^rcir agents and antitussive-expectorant 
maleate and clemastine; anti-allergic agents 

rllatic agents such as sCium chromog.ycate, code.ne phosphate, and 
30 isoproterenol hydrochloride. 
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c ui - n the- ranee 100 to 300,000. 
The molecular weight of *e drug .s preferably m the range 

- nr rAnnr of the pharmaceutical 
I-c^U.in^^P^'-P^" 0 ^,, J uives such as 
composition, it may, «f «— " c f colouring a g e„,s 

^ludep-hydroxy-ben.oa.e.phenCchlorobuunol.hen.yHcon.umch.ondee.c., 
and exampies of corrigents include menthol and citrus perfume. 

A further embodiment of the invention provides a system 

livery comprising a dru g delivery composition and container hav.ng a o fic 

lough which the composition can be delivered to the nasal mucosa m a gas 
tnrougn w.i nhvsioloeically harmless gas. 

stream The gas stream may be air or any other phys.olog. 

P elly the means ,s such that, in use, the product of the flow rate and the 

Zrof the microsphere d.ameter ,s greater than 2000 ^ htres/m.n. 

The means to deliver the microspheres, which are for 
should be administered in a dry, air-dispensable form. 

The insufflator produces a finely divided cloud of the dry powder or 
„ m ros es The insufflator is preferably provided with means to ensure 
Ii:nnofasubs,antia,lyfixedamoun,ofthecompos,on. The powder 

; microspheres may be used directly with an -^^^ 
a bottle or container for the powder or microspheres. Alternatively 
or microspheres may be filled into a capsule such as a gelahn capsule, o oth 
30 l^dose dev.ce adapted for nasal admimstration. The in sufflator preferably 



16 

has means such as a needle to break open the capsule or other device to provide 
holes through which jets of the powdery composition can be delivered to the 
nasal cavity. 

The deposition in the nose will depend on two factors: the size of the particles 
(aerodynamic diameter) and flow rate (F) of inspiratory air. 

The controlling factor is (dj F where da is measured in microns and F in 
litres/min. 

The product (dj 2 F should exceed 2000 jxm 2 . litres/min to give the required 
deposition in the nasal cavity of the total dose. Resting ventilation is of the 
order of 30 litres/min. 

Using the above types of delivery means, the required flow rate will be 
achieved by taking a rapid inhalation. Sufficient flow rate will not be achieved 
by merely normal resting ventilation. 

Under extreme exertion or rapid inhalation, a very large fraction of the 
deposition takes place within the anterior non-ciliated part of the nose, where 
particles are retained for long periods, gradually being dragged along to the 
nasopharynx by the mucus drag effect. Details of deposition and flow rate 
studies may be found in the art, for example G.M. Hidy, Aerosols, Academic 
Press Inc. 1984. 

For particulate systems administered to the respiratory tract, it is necessary to 
consider the aerodynamic diameter that takes into account the size of the 
particle and its density. For example, a particle with a physical diameter of 0.5 
^m and density of 10 will behave like a larger particle (of greater than 2 
microns) of unit density. This applies strictly to spherical particles and may be 
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varied marked* by .he shape of the particle. The aerodynam, (km c 
diameter, has been defined as the diameter of a hypothetical sphere of unu 
deX Ling the same termina, settling velocity as a particle m q uest,on 
regardless of its geometric size, shape and true densuy. 

The smail microspheres of the present invention have been found TOier" ' 
to administer using availab.e devices, especial.y those working on the bas.s o 
pressure packs and accurate valves and actuators, as fewer problems w.th 
blockages occur. 

Small microspheres are also easier to fluids in powder administration devices, 

such as insufflators. 

Th e narrower size range has been found to g,ve a more uniform dose for an 
active materia! such as a peptide. The narrower s.ze range has a,so been found 
„ minimize separation of large and sma„ particles on storage and transpo and 
during administration. The admixture of insulin and microcrystalhne 
as described in the prior art such as EP 122 036 results ™ 
undergo separation of particles on storage, shipment and admnus.rat.on. Fo 
0 ample when evaluated using an Andersen .mpactor, the insul.n was found 
^ - smaller s,ze fractions and the cellulose in the larger fracuons. 
Th s ould lead to non-unifornuty of dosing and unpredicuve abso^. 
Greater control over the deposition site in the nose can be achteved w.th 
smaller and more uniform particles. 

" Preferred aspects of the invention will now be illustrated by way of example 
and with reference to the accompanying drawings, ,n winch. 

Figure 1 shows the results of Example 1, il.ustrating intranasa! administration 
30 of insulin at 2 lU/kg with 2 mg/kg of differently sized microspheres m sheep. 
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Figure 2 shows the results of Example 2, illustrating the clearance of 
intranasally-administered, radiolabeled, large and small microsphere 
formulations and a liquid formulation, in humans. 

5 Figure 3 shows the results of Example 3 illustrating the effect of intranasal 
administration of insulin with small (<10^m) hyaluronic acid microspheres 
compared with large starch microspheres in sheep. 

EXAMPLE 1: Comparative Biological Data (sheep) 

10 

Summary . Insulin was administered nasally to sheep at 2 IU/kg as a 
lyophilised powder with either starch microspheres 45/25 (SMS 45/25) or 
smaller (< 10 microns) starch microspheres BR 71B 03C (SSMS BR 71B) at 
2 mg/kg. After an initial small rise in both groups, the plasma glucose 
15 concentrations were generally lower after SSMS BR 7 IB co-administration. 
The lowest concentrations reached after SSMS BR 7 IB and SMS 45/25 co- 
administration were 82.0% and 86.2% of control at 150 minutes after dosing. 

Materials and Methods 

20 

Semi-synthetic human Na-insulin (Nordisk, Gentofte, Batch No P389, 28 
IU/mg) was used. The water content of the sample was determined by 
spectrophotometry, and the material was found to be 84.4% pure. Starch 
microspheres 45/25, Batch Number 49238) and smaller (< 10 microns) starch 
25 microspheres BR 7 IB 03C (SSMS BR 7 IB, Batch Number 97327b), were 
supplied by Pharmacia. 

Ultra pure water ("Elgastat UHP", Elga) was used throughout and all other 
reagents were at least of standard laboratory grade. 
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■ u- / I cpivn 29 0 + 1 07 kg were 
Sh eep. Eight male cross-ore. sheep weighing (± ^ ^ 

used . The sheep were normally housed ^ 
, r nf the study Animals were not fasted prior to insulin 
duration of the study. id fltte d with a secalon 

. . A ^\\\nv Viego secalon cannula of 1.2 mm iu, 

An in-dwelling viggu external 
jugul ar veins of eac ^™ * - ^ ^ Jaline 

sheep were returned to their normal housing. 

. • p^r the nreoaration of these lyophilised 

, . i r . m m The two resultant suspensions were surr 
solution at .5:1 ftng.nul). The. ^ ^ ^ 

hour a, room .en.pera.ure and " ^ ^ otmcA on an 

formulations (Formulations 1 and 2). The freeze dry 
Edwards Modu.yo freeze-dryer fined w.th a bell-jar assemb * * 
!0 a pressure of COS ,rr (10.7 W A a — ^ of 

hours prior to administration to the sheep. 
25 . j Ki„nri«amDUns. The sheep were 

divi ded into two g roups of four an.rna.s ^ microspheres 

, 0 1U/kg insuhn ^-* o rn °; a S ly phmsed powder. A sheep of 

formulation „ **^»Z£L J»~ w.,h 60 m g SMS 45,5 
30 30 kg thus received oU iu 
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microspheres. Group 2: Four animals received 2.0 IU/kg insulin together with 
2.0 mg/kg SSMS BR 7 IB microspheres (Formulation 2) intranasally in the 
form of a lyophilised powder. A sheep of 30 kg thus received 60 IU of insulin 
together with 60 mg SSMS BR 71 B microspheres. 

The sheep were~sedated with an iv dose of ketamine hydrochloride (Ketala/ R \ 
100 mg/ml injection) at 2.25 mg/kg and this anaesthesia lasted for about 3 
minutes. This treatment acted as an animal restraint, and also as a counter- 
measure against the animal sneezing during administration. For intranasal 
administration a Leymed red rubber Magill's tube oral of 6.5 mm was loaded 
with the powder formulation and then inserted into the nostril of the sheep to 
a preset depth of 6 cm before blowing the powder into the nasal cavity. Blood 
samples of 6.0 ml were collected onto crushed ice from the cannulated jugular 
vein of the sheep at 15 and 5 minutes prior to the insulin administration and at 
5, 10, 15, 20, 30, 40, 50, 60, 75, 90, 120, 150, 180 and 240 minutes post- 
administration. Each blood sample was divided into two parts. For insulin 
analysis, the blood collected (4.0 ml) was mixed gently in 4 ml heparinised 
tubes (Lithium Heparin, 60 IU, Sarstedt, Leicester, UK). For glucose analysis, 
the blood collected (2.0 ml) was mixed gently in 2 ml sodium fluoride tubes 
(2.0 mg fluoride and 30 IU heparin, Sarstedt, Leicester, UK). The plasma was 
separated by centrifugation at 4°C and 3200 rpm, and then stored at -20°C 
awaiting insulin and glucose analysis within our Analytical Section. 

Analysis. Plasma glucose concentrations were analysed by the glucose oxidase 
method using a Yellow Springs 23 AM glucose analyser (Yellow Springs, 
Ohio, USA). Plasma insulin was not measured at this stage. 

Results and discussion. The mean changes in plasma glucose following the 
co-administration of insulin with SMS 45/25 or SSMS BR 7 IB are plotted on 
the same axes in Figure 1. 
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Both SMS 45/25 and SSMS BR TLB groups showed an initial rise ,n p. » 

concentrations up to approbate* .05.0% of the controls a 

ma.e.v 20-30 minutes after dosing. Thereafter, concentrates of 
approximately 20 30 m d 
glucose steadily fell to a low po.nt at approximately 150 m 
; At this low ppint the change in glucose concentration was greatest after - 
administration of SSMS BR 71B (82.0%, than after co-admimstration o SMS 
45 /25 ,86.2%). .ndeed, after co-adm—n of SSMS BR TIB , e gluco, 
concentrations were generally tower than those after SMS 45/25 
administration. 

0 Th e area under the curve (AUC, is a particularly important measur e ofthe 
effectiveness of the enhancer system: Group 1 gave a mean AUG of 1T047 
per minute, whereas Group 2 gave a mean AUC of 2T66% per m.nu.e. Th* 
^ 62% increase in AUC, and was accompanied by a 25% increase ,n the 

15 blood concentration of insulin. 

starch microspheres were la b eUed with Tc99m using the st_ 
20 chloride technique and freeze dried. Doses of 30 mg were ™« 

ge ,atin capsules for the application. A group of healthy male a nd *m .e 

„asa, insufflator. The total content of the capsules « 
inh a,a„on to the mucosal surface of either the right or the lef, n 
25 deposition and the subsequent clearance of the formu.at.on were foUowed _by 
L scntigraphy while the volunteers were positioned in an upngM po, - 
wit „ the nose in a fixed pos.tion close to the collimator surface o e came , 
using a specially designed temp.ate. Static views were recorded at me 0 0. 
30 45 90 .20, 180 and 240 min after administration. Regions of -merest 

„ ,he initial site of deposition and the total nasal cavity. The 
30 were drawn around the initial site oi ucy 
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counts from each region were correct for background conn, and reactive 
decay and expressed as a portion of the registered acuv.ty tn the tmfa! 

deposition site. 

Fig 2 shows a comparison between the c.earance of small starch microspheres 
and ,arge microspheres and a simple control solution. It can be seen that the 
half time of c.earance for the small microspheres has not been reached wUhm 
the time of the study, whereas the half time of c.earance for the large 
mi cros P heres is .80 min as compared to .5 min for the solution formulat.on. 

Hence the use of the smal, microspheres (1-10 „m> as compared to the large 
mi crospheres (40 ,m) gives a significantly longer residence nme » the 

cavity. 

The example investigates the effect of two different types of small (< 10,m) 

mvAFF 11 and HYAFF 11 - dextran) on the 
) hyaluronic acid microspheres (HYAFF 11 ana 

„ sa. absorption of insulin. The resu.ts were compared with two contro 
microspheres, or subcutaneously with insulin solution alone. 
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Materia QnH methods 

Materia* Semi-synthetic human Na-insulin (28 lU/mg) was used The water 
lent of the sample was determined by spectrophotometry a, the t,me of use, 
and this purity was used for all subsequent calculates. 

Hyaiuronic acid microspheres HYAFF 11, « 10,m) prepared from the benzyl 
ester of hyaluronic acid (Batch number 102H..R), and HYAFF ,1 
(Batch Number 100H1 lRDex) « lO.m) supplied by Fidia, were used. 

Starch microspheres 45/25 (45,m swollen/25„m dry), (SMS, Batch Number 
49238), from Pharmacia were used. 

Ultra pure water ("Elgastat UHP", Elga) was used throughout. 
All other reagents were, at least, of standard laboratory grade. 
Sheep Sixteen sheep were used in this study. 
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The sheep were normally housed indoors, and remained inside for the durafon 
of th e study. The animals were not fasted prior to insulin admm.strat.on. An 
•m-dwelling cannu,a fitted with a fiow-switch, was placed ,nto one of the 
Inal j gular veins of each animal on the firs, day of the study and, 
I neve necessary, was Kept patent by flushing it with hepann,ed sal.n 
so l ut ion. This cannula was removed upon the comp.etion of the study, and the 
sheep were returned to their normal housing. 

Preparation of insu.in formulations For the preparation of the lyophilised 

microsphere —ions a solution of app— ely 130 

of pure insulin .n water was prepared. The reared cuant.ty of each of the 
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microspheres was dispersed in wate^d — f or 

appropriate volume of insulin solution was ad «d o -* P 

, nH the volume adjusted with water to keep 

devices and then stored, with dessicant, at 4 C for 
administration to the sheep. 

On the day of dosing «he subcutaneous dosing solution (Ration 4) was 
id comprising a solution of ,0 .U/m. (0.357 of pure msul.n 

0.9% saline. 

. ^ tv^ «theeo were divided into four 
Administration of insulin formu.at.ons The sheep we 

groups of four animals each and treated as shown in Table . 



GROUP FORMULATIONS ^*^ ROS . 

(IU/mg) (mg) 



ACTUAL DOSES 
SHEET INSULINMICROS 
(IU/mg) (mg) 



1. HYAFF 11 



2.0/0.071 2.0 
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2. HYAFF 11 - dextran 2.0/0.071 2.0 
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3. SMS 



2.0/0.071 2.5 



A 
B 

AF 
BF 

C 
D 
CF 
DF 

E 
F 



72/2.571 72 
92/3.286 92 
76/2.714 76 
70/2.500 70 

82/2.929 82 
82/2.929 82 
70/2.500 70 
74/2.643 74 

64/2.286 80 
78/2.786 97.5 
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EF 74/2.643 92.5 
FF 58/2.071 72.5 



nm G 6.8/0.243— 

4 S/C Insulin alone 0.2/0.007 - gF 6 . 6/0 .236- 

H 6.8/0.243— 

H F 8.8/0.314— 

load ed with the formulation ana then insert. «» -os ^ ^ 

The dose volume was 0.02 ml/kg. 

o r „ The sheep were sedated using an intravenous dose 
Se^coa S^P n ^ for ^ restraint , an d also as 

of kewne hydrochloride. This adimnistra ,i„n. (Sheep 

a counter-me a sure against the amm 1 sneezm ^d ^ ^ 3 

D did sneeze soon after administration). The anaesth 

,„ „ f 4 oml were collected onto crushed ice iro 
minu te, Blood samples o 4.0ml ^ ^ 

cannula,. Jugular vein o t *-P - ^ ^ ^ ^ ^ a „ d 

admi „i S ,rat,on and at 5 10, 5. 20, ^ ^ 4 ^ 

240 minutes post-admimstration. Biood samp ^ 
Keparinised tubes. The plasma was separated by «*ng 

, mnle was di vi d ed into two aliquots of approximately 
plasma sample was oiviu Analytical Section. 

5 plasma was then stored at -20°C awaiting analysts by our Analy 

^vsis Plasma glucose concentrations were measured using a 
Glucose analysis Plasma g , Y ,llow Springs. Ohio, 

Yellow Springs YS1 23 AM blood glucose analyser (Yellow S P 



USA). 
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r it* The olasma glucose concentrations were determined as 
Calculation of results The plasma g 

* i «i*<:tna elucose concentrations (-13 ana 
mmol/1. The two control plasma glucose 
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for each animal were meaned and all test plasma concentrations were expressed 
as a percentage of these mean control values. Results are therefore percent of 
control plasma concentrations. 

5 The area between 100% and the actual blood glucose curve (area of fall from 
control) was calculated using the trapezoidal method. 

Results and discussion The mean (± SEM) values for the percent of control 
plasma glucose concentration following administration of insulin nasally with 
Hyaff 11, Hyaff 11 - dextran or SMS, together with administration via the 
subcutaneous route, are shown in Figure 3. These results illustrate that all 
formulations caused a marked decline in plasma glucose concentrations. 
^ However, from the results shown in Figure 3, it can be seen that the decrease 

J in plasma glucose level was significantly faster and greater with both of the 

15 small (< 10/xm) hyaluronic acid microsphere formulations than with the large 
starch microsphere formulation. 
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